This study described the feeding habits of the characin Astyanax aff. fasciatus. The diet compositions of specimens from two sites (A and B) on a river in Southern Brazil were compared according to the size of individuals and seasonal period. The collections were performed monthly from March 2005 to February 2006, where the stomach contents of 290 specimens were assessed. Food items for A. aff. fasciatus were basically composed of plants and insects, especially leaf fragments, seeds, fruits, filamentous algae, aquatic and terrestrial insects and insect fragments. At site A, the most common items were insect and plant fragments. Conversely at site B, plant fragments were more representative. In general, all items of animal origin showed the highest feeding index values at site A, whereas at site B detritus and grass items were more abundant. The composition of items varied seasonally, with higher diversity of items being recorded during the spring at both sites. Smaller individuals preferred items of animal origin, while the larger ones consumed mainly items of plant origin. According to its size, A. aff. fasciatus in this study may be considered a species with insectivorous tendencies when immature or herbivorous tendencies when adult. Nevertheless, its feeding habits may be flexible according to resource availability, showing wide ontogenetic, besides spatial and temporal variation.
Introduction
The Atlantic Forest is one of the world's hotspots of biological diversity. It has been submitted to an intense process of destruction and fragmentation of its current ecosystems, due to disorganized urban expansion, industrial activities and agriculture (Myers et al., 2000) . This process has affected the integrity of aquatic systems, mainly in small and medium-sized rivers, causing loss of important information about its biota (Buckup, 1996; Faria & Marques, 1999) . Knowledge of the feeding and trophic organization of the species can contribute to the understanding of the fish's autoecology in rivers and tropical streams, which in turn can provide data for preserving these fragile ecosystems.
The variation in the availability of feeding resources plays a central role in the alterations of feeding patterns in fish, both on a temporary and spatial scale (Prejs & Prejs 1987; Winemiller & Winemiller 2003) . Furthermore, the alterations in feeding habits can also be conditioned to the ontogenetic development of morphological structures of species, such as dentition, intestinal tract, mouth size and improved locomotion, mainly during the transitional phase between juvenile and adult (Wootton, 1999; Hahn et al., 2000) . However, this approach has not yet received suitable attention in ecological trophic studies.
The genus Astyanax Baird & Girard, 1854 is diverse and widespread in freshwaters of South America, including almost one hundred described species . Several Astyanax species are abundant and distributed throughout Brazilian hydrographic basins, mostly in small streams, feeding mainly on algae and aquatic and terrestrial insects (Costa, 1987; Esteves, 1996; Casatti & Castro, 1998) . Astyanax species are also of great ecological importance, maintaining trophic relations in the communities, since it is fodder for some carnivorous species (Almeida et al., 1997; Loureiro-Crippa & Hahn, 2006) . Moreover, the genus is also important in the integrity of the riparian vegetation, where these fish are considered as potential seed scatterers (Vilella et al., 2002) .
In the last few years, the name Astyanax fasciatus was atributed to several fishes collected in the rio Paraná basin (Shibatta et al., 2002; Castro et al., 2003; Artoni et al., 2006) , following the diagnostic attributes proposed by Eigenmann (1921) , such as the number of anal-fin rays (25 or more), the presence of an elongated humeral spot, a silvery lateral band turning black on the caudal peduncle and continuing as a black streak to the end of the middle fin rays, and one to three maxillary teeth. However, several authors refer to this species as a "species complex", based on chromosomal data (Justi, 1993; Artoni et al., 2006) and morphological analyses (Garutti & Britski, 2000) . In fact, Melo (2005) stated that the name A. fasciatus should be applied only to specimens from the São Francisco drainage, and specimens from rio Paraná drainage may represent a complex of similar species.
Considering the trophic potential and the ability of most of the species of Astyanax to colonize different habitats, this study was carried out with the objective of answering the following question: Can ontogenetic variation, seasonal regime and environmental heterogeneity (of an Atlantic Forest river in Southern Brazil) induce modifications in the diet composition of the species?
Material and Methods
Study area. This study was performed in the rio das Pedras, located in Guarapuava, in the central-eastern part of Paraná State, Southern Brazil. It is one of the rivers that form the rio Jordão, the main tributary of the middle rio Iguaçu. The rio Iguaçu is world famous, known for the Iguaçu waterfalls. The falls have contributed to the isolation of ichthyofauna associated with its superior level and proportionally to a high degree of fish endemism in the area of this study. This region is situated in the Mixed Ombrophylous Forest, which is a biome subdivision of the Atlantic Forest. The region's climate is considered subtropical with an average annual rainfall of 1600 to 1800 mm and the average annual temperature of 15 to 18ºC (climatic period between 1976 and 2000, Fig. 1 , Meteorological System of Paraná). Two sites with distinct environmental and hydrological characteristics were chosen for the sampling of A. aff. fasciatus specimens.
Site A, situated in the middle part of the river (25°20'01''S 51°21'27''W) has a channel width between 15 and 18 m, with alternating by shallow riffles and large pools that do not exceed 2 m of depth. The riverbanks are partially covered by relatively preserved riparian vegetation, and its channel bed is covered predominantly by rocky substrate, e.g., cobbles (64-256 mm) and small boulders (257-512 mm) in the riffles and sand-gravel, clay and organic matter in the pool regions. In the pools the water-land interface of the littoral zone shows marginal vegetation composed predominately of the exotic grass Brachiaria sp. and submersed aquatic macrophytes. Site B is situated downstream (25°23'57''S 51°26'10''W) and has slow water characteristics with a channel width between 25 and 27 m and depth of about 1.5 m. The riparian vegetation is simple, predominated by generalist and pioneer species such as "bamboos" (Bambusoideae) and variety climbers. The channel bed is covered mainly by sand-clay substrate and deposited organic material. Vegetation at the water-land interface is practically absent as described for site A. During the study period, measures of turbidity, depth, water flow, pH, water temperature, and dissolved oxygen were recorded. In the laboratory, they were identified, weighed, measured and dissected for stomach removal. Voucher A. aff. fasciatus collected in this study were deposited in the Ichthyological Collection of the Museu de História Natural Capão da Imbuia, Curitiba, Paraná, Brazil (MHNCI 11731).
Species identification.
The species studied here was diagnosed from other sympatric Astyanax species by the following morphological characters: two vertically elongate dark humeral spots, second one faint; dorsal, anal and caudal fins red in life; outer row of teeth on premaxilla with four teeth; posteroventral edge of third infraorbital almost contacting preoperple; lateral line series with 36-40 perforated scales; first gill arch with 7-9 + 10-13 gill rakers (Sampaio, 1988) .
Feeding study. The stomach contents of 290 specimens were identified under a microscope to the smallest possible taxonomic level. The diet of A. aff. fasciatus was analyzed accordingly to two combined methods. First, the frequency of occurrence was calculated, considering the number of samples (stomachs) that contain a certain item (i). It is expressed as the percent frequency of the total number of analyzed samples (Hynes, 1950) . Second, the volumetric frequency (relative volume) was estimated taking into account the quantitative contribution of each item. It was determined by the number of checkered squares occupied by each item (i) on millimeter-ruled paper (points method), in relation to the total number of squares occupied by all of the items (Hyslop, 1980) . The feeding index (I F ) proposed by Kawakami & Vazzoler (1980) was calculated as
, where i = feeding item, F i = frequency of occurrence and V i = volume, to analyze the effective importance of the presence and volume of each specific item. To aid in the graphic interpretation of results, the items that were ingested by A. aff. fasciatus were grouped into taxonomic or wider ecological categories.
Seasonal dietary analysis.
The Morisita-Horn index (Krebs, 1998) , applied to the I F values, was used to analyze the feeding patterns between the two sites and among the four seasons. In order to determine the similarity patterns, the similarity food matrix was reduced through cluster analysis, using the Euclidean distance algorithm (Ward's methods) as a dissimilarity measure. The seasons were defined in the 
Ontogenetic dietary analysis.
For the ontogenetic study, three classes of standard lengths (SL) were considered as follows: standard length 1 (SL 1 ) with individuals up to 50 mm; standard length 2 (SL 2 ) with individuals between 51 mm and 75 mm; and standard length 3 (SL 3 ) with individuals over 76 mm. The first class (SL 1 ) was established on the basis of the sexual maturity curve, previously determined for the species and therefore considered immature individuals. The other two classes were determined arbitrarily. The standard length of specimens ranged from 16 mm to 125 mm. The feeding patterns among the three classes of individual size were identified by detrended correspondence analysis (DCA; Hill & Gauch Jr., 1980) , applied to the I F values. The intestinal quotient (I q ) was calculated using 20 specimens of each class in order to identify the possible causes of alterations in the feeding behavior among the classes (Zavala-Camin, 1996) . The intestinal quotient is the result of the division of the intestinal length (measured in centimeters) by standard length of the fish. The I q of the different classes were tested using analysis of variance (ANOVA), assuming the prerequisites of normality and homogeneity of the variances, with the level of significance set at 5% (Zar, 1996) . This test was conducted using the software Statistica 7.1 (Stasoft, 2005) .
Results
Abiotic condition. During the study period, the abiotic variables that showed the largest seasonal fluctuation were turbidity, depth and water flow, with the highest mean values recorded during the spring for both study areas. It characterized spring as a wet period. Water temperature was highest during the summer for both sites, whereas pH and dissolved oxygen varied little throughout the study (Table 1) .
Spatial diet composition. At both sites, A. aff. fasciatus exhibited a broad feeding spectrum. The diet was based on leaves and insect fragments, but also showed seeds, fruits, filamentous algae, and aquatic and terrestrial insects. There was a clear difference in the exploration of these resources between the two sites sampled. I F values highlighted insect fragments as the main item for site A and leaf fragments for site B (Table 2 ). In general, the consumption of items of animal origin was comparatively higher for the individuals of site A when compared to site B. The consumption of resources of plant origin predominated at site B. Sediments and detritus were more frequently consumed at site B (Fig. 2) .
Seasonal diet composition. The great diversity of items recorded in the stomach content of A. aff. fasciatus occurred during the spring at both sites studied. At site A, the most important items during the spring and autumn were insect. fragments. Leaf fragments predominated during the summer, while there was a marked contribution of insects (Ephemeroptera nymphs) during the winter (Table 3) . At site B, leaf fragments were the most important item during all the seasons (Table 3) . Plants and invertebrates were present in high amounts in almost all seasons and at both sites (Fig. 3) . The plant category was not recorded only during the winter at site A. The terrestrial invertebrate category was of high importance during the spring and summer at site A, and during the summer at site B. The aquatic invertebrate category was substantially more frequent during the winter at site A. The terrestrial vegetation category showed high importance during the autumn and summer for both sites. The aquatic vegetation category showed low frequency during the spring and the autumn at site B. Detritus and sediments were also absent only during the winter at site A, but this category was uncommon during the whole study period (Fig. 3) .
Comparing the diet of A. aff. fasciatus between the two sites and among the different seasons using cluster analysis it was possible to establish three distinct groups according to feeding similarity. The first group was characterized by all of the seasons at site B and the summer at site A. The second group was composed of autumn and spring seasons at site A. And the third group was formed only by winter at site A, which showed high dissimilarity with the other groups (Fig. 4) . Ontogenetic diet composition. Astyanax aff. fasciatus showed a tendency to shift its feeding niche during growth. The consumption of items of animal origin was higher in smaller individuals, but it decreased in the larger ones, which consumed more plant items. This shift was more noticeable at site B (Fig. 5) . At both sites, the most important item in the diet of the SL 1 individuals was insect fragments. On the other hand, the larger individuals (SL 3 ) consumed mainly leaf fragments (Table 4) . Detrended correspondence analysis (DCA) demonstrated a distinct feeding segregation between the individuals of the different size classes (Fig. 6) Fig. 7 ).
Discussion
Several papers have reported the existence of a marked feeding flexibility in species of Astyanax (Arcifa et al., 1991; Esteves, 1996; Hahn et al., 1997; Vilella et al., 2002) . Usually, these species use diverse items varying from algae and higher plants to insects and other arthropods. The present results corroborate this trend, indicating that A. aff. fasciatus exhibited an omnivorous diet including 20 items, of either animal or plant origin. However, these results do not allow a trophic categorization, because of the ontogenetic variation, Fig. 4 . Representation of the similarity patterns (Euclidean distances) in the seasonal and spatial diet composition of Astyanax aff. fasciatus at two sites on the rio das Pedras, Guarapuava, PR, Brazil. as well as spatial and seasonal modifications in the composition of its diet. This was observed in other characin species (Luz & Okada, 1999; Mazzoni & Rezende, 2003) .
According to Winemiller & Winemiller (2003) , fish diets can be regulated by spatial and seasonal habit modifications. This takes into account that distinct areas and periods show differences in abiotic conditions and food availability for fishes. Spatial differences in the diet of A. aff. fasciatus were high. Animal-derived items were essential for the specimens captured at site A, while leaf fragments, grass and detritus exhibited a greater importance at site B. This feeding flexibility may be attributed to different factors, including the degree of riparian vegetation disturbance and the physical characteristics of the river at the sites studied.
Riparian areas exhibit important hydrological and ecological functions for the integrity of the aquatic biota, constituting one of the main feeding resources for many fishes (Esteves & Aranha, 1999) . At site B, the riparian covering is simple with predominately shrubby vegetation such as, bamboos and climbers. As a consequenc of this low structural complexity in vegetation, it is possible that the availability of allochthonous resources, such as insects and other arthropods had been reduced (Uieda & Kikuchi, 1995) , which explains the predominantly herbivorous diet at this site.
The observed difference in feeding spectrum of A. aff. fasciatus can also be related to the difference in availability of macroinvertebrates between the two sites. The abundance and distribution patterns of aquatic insects are determined mainly by the type and quantity of substrate. According to Blanco-Belmonte et al. (1998) , the presence of vegetation in an aquatic ecosystem considerably increases the richness and abundance of these organisms. Unlike site B, where the river's stretch is characterized by riverbanks with little vegetation at the warter-land interface, the river's stretch corresponding to site A shows a higher amount of vegetation which is mainly composed of grass and submersed aquatic macrophytes in the pool regions. In view of these characteristics, it is possible that the development of macroinvertebrates is favored in this area, making them available as a food source for the ichthyofauna.
The seasonal diet analysis of A. aff. fasciatus, revealed differences in the proportion as well as in the variety of ingested items. According to Wootton (1999) , the seasonal changes in the diet of fish can be due to expansion and contraction of available foraging areas. In tropical regions, the variation in patterns of the hydrological season leads to flooded areas adjacent to the rivers. The vegetation flooded during this process could supply a great quantity of organic matter for ichthyofauna feeding. Astyanax aff. fasciatus seems to be adapted to these dynamics, because its feeding niche range was higher during the spring which showed the highest hydrological levels. Besides the elevation in the water level, other possible natural events could influence the feeding habits of A. aff. fasciatus. The consumption of terrestrial invertebrates was greater during the spring and summer at both studied sites. This was probably associated with the ant reproductive period, because winged individuals (flying ants) were found in the stomach content of A. aff. fasciatus only during this period. In their reproductive flights, it is possible that many ants fall into the water where are, ingested by fishes.
On the contrary, the consumption of terrestrial vegetation (seed and fruits), more frequent during the summer and autumn corresponds to the fruiting of various arboreal species in region. In the present study, intact seeds of Schinus sp. (pepper tree) were present in the stomach contents and intestinal tract of A. aff. fasciatus. The presence of these seeds suggests a potential role in seed dispersal, as proposed for other species of characins (Vilella et al., 2002) .
Aquatic invertebrates, especially Ephemeroptera, were substantially consumed during the winter at site A. During this time, all fish collections contained just small individuals (SL 1 ). This was probably related to the low mean temperature, which can decrease the basal metabolism in fishes and consequently their capture. Therefore, this does not represent the whole range of items that the species (e.g. SL 2 and SL 3 individuals) could use during that period.
Sediments and detritus were of little importance during nearly all the study period. These items can constitute the base diet for some species of Neotropical fishes (Bowen, 1983) . However, its contribution has been minor for the characins in most of the works carried out (Esteves & Galletti Jr., 1995; Esteves, 1996) . Bowen (1983) emphasized that the ingestion of these items by species could occur accidentally during foraging, or when the other preferential resources are scarce, but that this is not related to detrivory adaptation.
There is a tendency among the individuals of A. aff. fasciatus to reduce the consumption of animal origin items, substituting it with plant-derived items during growth. These results are probably associated with morphological changes in the digestive tract during its development. As an example, their intestinal quotient (I q ) was significantly less for the smallest (SL 1 ) individuals. This correlates with the results obtained by Sabino & Castro (1990) for Deuterodon iguape, indicating that the low values of I q in immature individuals are related predominantly to an insect diet. Conversely, the individuals of the SL 2 and SL 3 size classes showed an intestinal length significantly longer indicating the possibility of the intake of items of larger size and more difficult to digest, such as plant fragments and seeds with rigid cell walls.
Distinct diets among the different development stages of a species can derive from differences in energy demands or from the morphological limitations of each stage. For instance, the ingestion of large items by fingerlings can be limited by the mouth opening (Wootton, 1999; Abelha et al., 2001; Vitule et al., 2008) . This limitation can be emphasized looking at A. aff. fasciatus where items such as leaf fragments, seeds, fruits and Formicidae tended to be of low importance in SL 1 in relation to items such as immature Diptera and Ephemeroptera which were more important and considered small items.
It is important to emphasize that most of the immature A. aff. fasciatus individuals were captured using drag nets next to the riverbank vegetation, where as indicated by Blanco-Belmonte et al. (1998) the aquatic insects are more abundant. This suggests a spatial segregation among individuals of different sizes, and therefore, it is possible that small individuals use extensively the resource available on the riverbank, reflected as being the most important food items.
